ABSTRACT purpose. To assess mid-term outcome of screw and wire fixation for Lisfranc fracture dislocations to determine the risk factors of post-traumatic arthritis. Methods. 15 men and 4 women aged 21 to 58 (mean, 41) years with Lisfranc fractures underwent open/ closed reduction and internal fixation (using screw and wire). Fractures were classified as homolateral (n=7), isolated (n=7), and divergent (n=5). Six patients had open fractures; 8 patients injured 5 tarsometatarsal joints; and 6 patients had pure ligamentous injury. Outcome (pain, function, and cosmesis) was assessed using the Maryland foot score and the American Orthopedic Foot and Ankle Society (AOFAS) score. Weight-bearing radiographs were evaluated for non-union, subluxation, malalignment, and post-traumatic arthritis. results. Patients were followed up for 24 to 40 (mean, 30) months. Patients with anatomic reduction (n=14) achieved higher mean AOFAS foot score (79.3 vs. 67.5, p=0.0007) and Maryland foot score (80.4 vs.
69.4, p=0.0009) than did patients with non-anatomic reduction (n=5). Post-traumatic arthritis occurred significantly more often in patients with non-anatomic than anatomic reduction (3/5 vs. 1/14, p=0.037). Four patients developed post-traumatic arthritis, one of whom also developed lateral subluxation after implant removal. Two patients developed flat foot. Two patients had severe symptoms that limited function, one of whom underwent an arthrodesis. Two patients with compound fractures developed superficial infections. Three patients had broken screws. conclusion. Anatomic reduction is the main predictor of outcome in patients with Lisfranc fracture dislocations.
This figure is probably an underestimate, as 20 to 40% of these injuries are missed or misdiagnosed as foot sprain or isolated fractures of tarsals or metatarsals. [3] [4] [5] Painful malunion or impaired functions may result if not treated properly. 6 Closed reduction and plaster immobilisation results in unsatisfactory outcome and redisplacement. 7, 8 Anatomic reduction and internal fixation is recommended. [9] [10] [11] [12] Ligamentous injury without fracture is associated with poorer outcome despite open reduction. 13 We assessed mid-term outcome of screw and wire fixation for Lisfranc fracture dislocations to determine risk factors of posttraumatic arthritis.
Materials and Methods
Between November 2007 and February 2011, 15 men and 4 women aged 21 to 58 (mean, 41) years with Lisfranc fractures underwent open/closed reduction and internal fixation (using screw and wire) within 10 days of presentation ( Figs. 1 and 2 ). Skeletally immature patients or patients with pre-existing deformities of the foot, previous neurological deficit, or crush injuries were excluded. Fractures were classified as homolateral (n=7), isolated (n=7), and divergent (n=5). 10 patients injured the right foot; 6 patients had open fractures; 3 patients had multiple trauma; and 3 patients had ipsilateral lower-limb fractures (femur in 2 and bimalleolar ankle [with syndesmotic injury] in one). Eight patients injured 5 tarsometatarsal joints; 4 patients injured only the medial column; 3 patients injured only the lateral column; and 6 patients had pure ligamentous injury.
Surgery was indicated in patients with instability, which was defined as ≥1 mm of malalignment of the medial column on stress radiographs 14 or disturbed normal alignment of the cuboid and fourth metatarsal on oblique radiographs, or loss of normal alignment of the second metatarsal and middle cuneiform on anteroposterior radiographs. 
surgical technique
Patients were operated on as early as the swelling subsided (using elevation). Open reduction was performed when closed reduction under anaesthesia had failed. The medial column was reduced through the dorsal approach. A longitudinal incision lateral to the extensor hallusis longus tendon between the base of first and second metatarsals was made dorsally. The medial branch of dorsal medial cutaneous nerve was preserved distally. If the compartment was tense, the incision was extended to the distal extensor retinaculum. 5, 16 The dorsalis pedis artery and the deep peroneal nerve were isolated with a loop and retracted medially or laterally to visualise the Lisfranc joint. Reduction was started at the second metatarsal cuneiform joint. [17] [18] [19] The metatarsal base fracture was then reduced. Small irreducible fragments were removed. Open fractures were washed lavishly. The intercuneiform screw was inserted from the medial to lateral direction from the medial cunieform. Reduction was temporarily held with Kirschner wires or towel clips. Percutaneous guidewires were inserted in a distal-to-proximal direction. Reduction was confirmed under image intensifier control. Cannulated 4-mm cancellous screws were used; care was taken to countersink the screw heads to avoid irritation of extensor tendons. The first and third metatarsal cuneiform joints were then reduced and fixed in a similar manner. Stability of the fourth and fifth tarsometatarsal joints was assessed for spontaneous reduction. If they remained unstable, they were fixed with Kirschner wires through a second dorsal incision parallel to the first incision dorsolaterally over the fourth intermetatarsal web space. Tension on suture lines was prevented during wound closure.
Postoperatively, the limb was put in a below-knee plaster splint with the ankle in a neutral position for 2 weeks until suture removal. Non-weight bearing was allowed for the next 4 weeks. Kirschner wires were removed at week 6. Full weight bearing was then allowed gradually. Screws were removed at month 4.
Outcome (pain, function, and cosmesis) was assessed using the Maryland foot score 12, 20 and the American Orthopaedic Foot and Ankle Society (AOFAS) score. 21 Weight bearing radiographs were evaluated for non-union, subluxation, malalignment, and post-traumatic arthritis. Anatomic alignment was defined as the medial border of the second metatarsal in line with that of the middle cuneiform on anteroposterior radiographs, the medial border of the fourth metatarsal in line with that of the cuboid on oblique radiographs, and the lateral border of the third metatarsal in line with that of the lateral cuneiform on oblique radiographs. 15 Flat foot was measured according to the distance between the plantar border of the cuboid and the base of the fifth metatarsal (Fig. 3 ). Comparisons were made using the unpaired t test or Fisher's exact test. A p value of <0.05 is considered statistically significant.
results
Patients were followed up for 24 to 40 (mean, 30) months (Table 1) . Five patients were fixed with screws alone, 4 with Kirschner wires alone, and 10 with both. The mean Maryland foot score was 76.2, and the mean AOFAS midfoot score was 77.5. Patients with anatomic reduction (n=14) achieved higher mean AOFAS foot score (79.3 vs. 67.5, p=0.0007, unpaired t test) and Maryland foot score (80.4 vs. 69.4, p=0.0009, unpaired t test) than did patients with non-anatomic reduction (n=5). Comparing patients with fracture dislocations (n=13) versus pure ligamentous injury (n=6), the difference was not significant in terms of Maryland foot score (p=0.09) and AOFAS score (p=0.075) for 2 SD, but was significant for 3 SD, owing to the small sample size. There was no significant difference between patients with closed and open fractures, those with ≥5 and <5 tarsometatarsal joints injured, and those with closed and open reduction ( Table 2) . Closed reduction was more likely to be achieved in patients with pure ligamentous injury than fracture dislocations (3/6 vs. 2/13, p=0.1). Post-traumatic arthritis occurred significantly more often in patients with non-anatomic than anatomic reduction (3/5 vs. 1/14, p=0.037, Fisher's exact test, Table 2 ).
Two patients with compound fractures Table 2 Comparison of patients in terms of reduction and fracture types developed superficial infections; one was treated with intravenous antibiotics and the other underwent debridement. One patient underwent skin grafting. In 3 patients the screws broke. No patients had deep venous thrombosis, painful neuroma, vascular insufficiency, or reflex sympathetic dystrophy. Four patients developed post-traumatic arthritis; one of them also developed lateral subluxation after implant removal (Fig. 3) . Two patients developed flat foot (Fig. 3) . Two others had severe symptoms that limited functions; one of them underwent arthrodesis.
discussion
The interosseous ligament between the medial cuneiform and metatarsal is known as the Lisfranc ligament. 22 The capsule of the first metatarsocuneiform joint is reinforced with strong dorsal and volar plantar ligaments. The second metatarsal is strongly locked in mortice formed by all cuneiforms due to a proximal recess in the middle cuneiform. 23 The medial side is supported by insertion of the tibialis anterior into the base of the first metatarsal and medial cuneiform. As toe extensors and dorsal ligaments are weak (compared to strong plantar ligaments and fascia), most dislocations are dorsal and secondary to plantar flexion injuries. 22, 23 When dislocation occurs, the position and shape of tarsometatarsal joints tend to compress the foot in a longitudinal axis, bowing the foot dorsally at the tarsometatarsal joints and displacing the metatarsals dorsolaterally. 23 Tarsometatarsal injuries range from minor sprains, subtle subluxations to gross displacement. Treatment ranges from closed reduction with or without Kirschner wire fixation 17, 24, 25 to anatomic reduction and internal fixation with Kirschner wires and/or screws. [26] [27] [28] [29] [30] Such injuries are frequently missed or misdiagnosed, 18, 31, 32 as the plantar ecchymosis sign 33 (associated with toe dislocation) and the fleck sign at the base of the second metatarsal 22 are not well known. Road traffic accidents are commonest cause of fracture dislocations, whereas twisting usually causes dislocations without fractures. 22 The injury mechanism can be direct and indirect. 22, 23 Direct forces crush the metatarsals in a plantar direction and then displace them medially or laterally. Under indirect rotational forces, the forefoot must be in plantar flexion for secondary displacement to occur. The dorsal aspect of the foot is weaker than the plantar aspect and hence resists much less force. 22 These injuries can be classified into homolateral, divergent, and isolated types, 34 as well as total incongruity, partial incongruity, and divergent types. 12 If fractures are not treated properly, malunions, difficulty in wearing shoes, and painful deformities may occur. 6 Stable anatomic reduction enables good functional outcome. 2, 10, 12, 35 Fixation can entail Kirschner wires 1, 9, 12, 36, 37 or screws, 1,2,28,35,38 although the former have slightly higher failure rates. 27, 29, 31, 39, 40 Kirschner wires are preferred for disrupted softtissue, comminuted fractures of the metatarsal base, and patients with multiple injuries. 5 In our study, the medial column was fixed with screws, which provided a stronger and more stable construct, whereas the lateral column was fixed with Kirschner wires to preserve its normal mobility, as rigid fixation with screws could alter normal foot dynamics.
Open reduction 2, 7, 28, 35, 38 and closed reduction 9, 12, 13, 36, 37 have been reported. Pure ligamentous injury without fracture is associated with poorer outcome despite open reduction and internal fixation, 13 as the whole blunt of the energy is borne by the articular cartilage. In our study, anatomic reduction was the most important predictor of outcome in patients with Lisfranc fracture dislocations; those with anatomic reduction were less likely to develop arthritis (p=0.04) and achieve better Maryland foot and AOFAS scores (p<0.05). Articular cartilage damage, non-anatomic reduction, and unstable internal fixation may lead to post-traumatic arthritis.
There are no definite guidelines for removal of hardware after fixation of Lisfranc joint injuries. Kirschner wires are usually removed at week 8, whereas screws are removed at week 12 to year 3, 26, 28, 41 or only in symptomatic patients. 28, 35, 38, 42 For malunited fracture dislocations, anatomic reduction and internal fixation is superior to arthrodesis. 5 Open reduction is usually preferred.
Our small sample size was a limitation of our study. Further studies with a larger number of patients and longer follow-up are necessary.
